Background--Cardiovascular disease (CVD) risk factor control is a cornerstone of diabetes mellitus management. Little is known about relationships of objectively measured sedentary time and physical activity with major CVD risk factor control in individuals with diabetes mellitus. We examined associations of objectively measured sedentary time and moderate-to-vigorous physical activity with reaching major CVD risk factor control goals among US Hispanic/Latino adults with diabetes mellitus.
D
iabetes mellitus and its complications have become a major public health and economic burden in the United States. 1 Of particular concern are US Hispanics/Latinos, presenting a rapid growth in the last 2 decades and the nation's largest minority group, who have a higher prevalence of diabetes mellitus compared to non-Hispanic whites. 2 Data from the National Health and Nutrition Examination Surveys indicate that almost half of Americans with diabetes mellitus did not maintain favorable levels of each major cardiovascular disease (CVD) risk factor (hemoglobin A 1c [HbA 1c ], blood pressure, and low-density lipoprotein cholesterol [LDL-c]) according to widely accepted goals for risk factor control; and Hispanics/Latinos (mainly Mexican Americans) were less likely to achieve glycemic and blood lipid goals compared with non-Hispanic whites and blacks. 3 CVD is one of the leading causes of death in US Hispanics/Latinos, 4 especially for those with diabetes mellitus. Thus, investigations are warranted to better understand major CVD risk factor control and management among US Hispanics/Latinos with diabetes mellitus. Physical activity has been suggested as a key lifestyle strategy for the prevention and management of diabetes mellitus because of its beneficial effects on cardiometabolic profiles and mortality among adults who have diabetes mellitus and who are at high risk for developing diabetes mellitus. [5] [6] [7] Emerging evidence suggests that longer duration of time spent in sedentary behaviors is associated with increased risk of adverse health outcomes, including type 2 diabetes mellitus, CVD, cancer, and death, independent of physical activity. 8 Recently, we reported data from a large US Hispanic/Latino cohort, the Hispanic Community Health Study/Study of Latinos (HCHS/SOL), suggesting that both sedentary behavior and moderate-to-vigorous physical activity (MVPA) have independent associations with cardiometabolic biomarkers. 9 However, few studies have investigated these associations using objective physical activity-related measurements in individuals with diabetes mellitus. Previous studies among individuals with newly diagnosed diabetes mellitus found that sedentary time, but not MVPA, was associated with cardiometabolic biomarkers. 10, 11 Relationships of sedentary time and physical activity with reaching major CVD risk control goals among individuals with diabetes mellitus remain unknown. Data are scarce among US Hispanics/Latinos, though they have a high prevalence of diabetes mellitus with poor CVD risk factor control. 3 Therefore, with accelerometry measures in the HCHS/ SOL, we examined whether less sedentary time and higher levels of MVPA were associated with reaching glycemic, blood pressure, and lipid control goals among US Hispanic/Latino adults with diagnosed diabetes mellitus.
Materials and Methods

Study Design and Participants
The HCHS/SOL is a population-based prospective cohort study of Hispanic/Latino adults residing in 4 US communities (Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA). Details of the sample design and cohort selection are provided elsewhere. 12, 13 Briefly, 16 415 Hispanic/Latino adults aged 18 to 74 years at time of screening, who were able to travel to the local study field center and had no plans to move out of the study area, were recruited during 2008-2011. Participants were recruited from randomly selected households in the 4 field centers through a stratified 2-stage area probability sample design. In-person interviews to collect information on demographic characteristics, medical history, health behaviors, and acculturation-related factors, along with a clinical assessment and blood draw, were conducted at the baseline clinical examination. Among 2271 HCHS/SOL participants with previously diagnosed diabetes mellitus at the time of the baseline examination, the present analysis was limited to 1699 participants. Those meeting the following criteria were excluded: nonadherent or incomplete data collection for the accelerometer protocol (n=469); mean accelerometer wear time in excess of 23 h/day (n=22); and not providing a fasting blood sample (n=47) or complete medication data (n=50); or body mass index less than 18.5 (n=21). Some excluded individuals (n=50) met multiple exclusion criteria (≥2 criteria). There were no significant differences in most characteristics between participants with diabetes mellitus included and those excluded in the analysis, except that excluded participants were older, and had lower income and lower Alternative Healthy Eating Index (AHEI) (all P<0.05). All participants provided written informed consent, and the study was approved by the institutional review boards at each field center.
Assessment of Cardiometabolic Biomarkers
Participants were asked to fast and refrain from smoking on the morning of the HCHS/SOL clinic visit. Blood pressures were defined as the average of the second and third of 3 repeat seated measurements following a 5-minute rest period (Omron HEM-907 XL). Measurements of HbA 1c , LDL-c, highdensity lipoprotein cholesterol (HDL-c), and triglycerides have been described previously. 14 
Definition of Diabetes Mellitus and CVD Risk Factor Control Goals
Diabetes mellitus was defined as self-reported history of physician-diagnosed diabetes mellitus, or documented use of antihyperglycemic agents. Among 1699 participants with diabetes mellitus included in the current analysis, 1414 participants (83.2%) with diabetes mellitus were identified by using antidiabetic medications scanned at the clinical examination. Major CVD risk factor control goals were defined based on the following cut-offs recommended by the American Diabetes Association: glycemic control, HbA 1c <7.0% (<53 mmol/mol); blood pressure control, systolic blood pressure <140 mm Hg, and diastolic blood pressure <80 mm Hg; LDL-c control, LDL-c <100 mg/dL; triglyceride control, triglycerides <150 mg/dL; and HDL-c control, HDL-c >40 mg/dL for men or >50 mg/dL for women.
15,16
Assessment of Physical Activity and Sedentary Behavior
At the HCHS/SOL baseline examination, participants were instructed to wear an accelerometer, Actical version B-1 (model 198-0200-03; Respironics Co. Inc, Bend, OR), for 7 days, positioned above their iliac crest, and removed only for swimming, showering, and sleeping. Prior studies have shown the Actical to have acceptable technical reliability for counts and steps. 17, 18 The Actical was programmed to capture accelerations in counts in 1-minute epochs. Nonwear time was determined using the Choi algorithm, 19 defined as at least 90 consecutive minutes of zero counts, with allowance of 1 or 2 minutes of nonzero counts if no counts were detected in a 30-minute window upstream and downstream of the 90-minute period. An adherent day was defined as at least 10 hours of wear time, and at least 3 adherent days were required for inclusion in this analysis. 9 Detailed information on accelerometer performance and adherence has been described elsewhere. 20 Raw data were summarized as average minutes per day spent in MVPA and sedentary behaviors on compliant days, according to validated count cut-offs: sedentary <100 counts/min; ≥100 and <1534 counts/min for light-intensity physical activity (LPA); MVPA ≥1535 counts/min. 21 The mean accelerometer wear time in our analytic sample was 16.2 h/day. A high correlation between wear time and sedentary time (weighted correlation coefficient=0.83) was observed. Also, accelerometer adherence and mean wear time differed by field center. 20 Therefore, because of a high correlation between sedentary time and wear time and to account for wear time differences, we standardized sedentary time to 16 hours of wear time per day (the approximate average of both daily wear time and awake time in our study) using the residual from regressing sedentary time on wear time in all baseline sample, as described in detail previously. 9, 22 First, a weighted regression was fitted on sedentary time against accelerometer wear time, field center, and the interaction of wear time and field center. Then, standardized sedentary time was defined as the sum of residuals from the weighted regression above and field center-specific mean predicted sedentary time given 16 hours of wear time.
Assessment of Covariates
Height and weight were measured during the in-person examination. Body mass index was calculated as weight in kilograms divided by the square of height in meters.
Interviewer-administered questionnaires were used to collect information on age, sex, annual household income, education level, Hispanic/Latino background, employment status, and health insurance. Lifetime history of cigarette smoking and other smoking-related variables were assessed by selfreported questionnaires. 23 Alcohol consumption was obtained through a self-reported questionnaire on lifetime and current use of alcoholic beverages, the frequency of use per week, and type of alcohol consumed, adapted for use in Hispanic/ Latino adults. 24 Self-reported physical health score is a summary measure for the physical health domain of quality of life for scoring the SF-12 version 2. 25 Participants were also asked to bring all prescription and nonprescription medications taken in the past 4 weeks with them. The Alternative Healthy Eating Index-2010 (AHEI-2010), a composite diet score that is inversely associated with diabetes mellitus and cardiovascular disease, 26 was calculated from usual intakes of 11 components ascertained through two 24-hour diet recalls using the National Cancer Institute methodology. 27 
Statistical Analysis
All results were estimated using sampling weights to account for nonresponse and oversampling of specific population subgroups. In accordance with procedures commonly used in large population-based studies, weights were trimmed and calibrated to 2010 US Census characteristics by age, sex, and Hispanic/Latino background in each field center's target population. 12, 20 It has been described previously that adherence rates in the HCHS/SOL study differed by sex, age, marital status, and other covariates. 20 In order to mitigate the influence of selection bias on our results and to account for missing or incomplete accelerometer data, 20 inverse probability weighting 28 was implemented to weight our results to the study population as a whole, regardless of adherence status, as described previously. 9 Inverse probability weighting was chosen as the ideal adjustment method in order to (1) facilitate uniform adjustment for missing data across analyses conducted at multiple study centers with various associations of interest; and (2) ease of incorporation of sampling weights and complex survey parameters while accounting for missing data using current statistical software. Analyses were performed using SAS software version 9.3 (SAS Institute, Cary, NC) and SUDAAN release 11.0.1 (RTI International, Research Triangle Park, NC). All P values are 2-sided, and a 0.05 a level was used to declare significant differences. For descriptive analyses, age-adjusted distributions of covariates across tertiles of sedentary time or MVPA were calculated using predicted marginals of the mean derived from survey-weighted linear regression (continuous covariates) and predicted marginals of the prevalence from surveyweighted logistic regression (categorical covariates), respectively. Participants with missing data for cardiometabolic markers were excluded on a marker-specific basis. Survey-weighted logistic regression models were conducted to estimate odds ratios (ORs) of reaching CVD risk factor control goals across tertiles of sedentary behavior or MVPA. Survey-weighted linear regression models were constructed to examine least-squared mean levels of each cardiometabolic risk factor across tertiles of sedentary time or MVPA. Tertiles of MVPA and sedentary time were modeled to better portray the nature of the relationship with outcomes and avoid assuming a linear association. LPA was not examined in this regard as it had a nearly perfect inverse correlation with sedentary time (correlation coefficient=À0.91). Models were adjusted for age (continuous), sex (males or females), annual household income ($20 000 or less, $20 001-$50 000, more than $50 000, not reported), education (less than high school, high school graduate/ equivalent, more than high school), field center (Bronx, Chicago, Miami, and San Diego), Hispanic/Latino background (Dominican, Central American, Cuban, Mexican, Puerto Rican, South American, other/more than one), employment status (retired and not currently employed, not retired and not currently employed, employed part-time [≤35 h/week], employed full-time [>35 h/week]), health insurance status (yes or no), duration of diabetes mellitus (≤7 or >7 years), smoking status (never, former, current), alcohol consumption (no current use, low-level use [men: current use <14 drinks/ week; women: current use <7 drinks/week], high-level use [men: current use ≥14 drinks/week; women: current use ≥7 drinks/week]), AHEI-2010 (continuous), self-reported physical health score (continuous), and use of antidiabetic, antihypertensive, and lipid-lowering medications (yes or no). Further models included mutual adjustment of sedentary time or MVPA as appropriate. Stratified analyses were performed according to individuals reaching the 2008 Physical Activity Guidelines for Americans, which recommend at least 150 min/week moderate-intensity activity, 75 min/week vigorous-intensity activity, or an equivalent combination of both. Estimates for reaching CVD risk factor control goals associated with substituting 30 minutes of MVPA or 60 minutes of LPA for the same amount of sedentary time were computed by including both as continuous variables in the same multivariable model. The difference in their coefficients plus their variances and covariance were used to estimate the ORs and 95% CI for the substitution associations. 29 
Results
Participant Characteristics
Among individuals with diagnosed diabetes mellitus, the estimated mean time spent in sedentary behavior, LPA, and MVPA was 12.5 h/day (accounting for 77% of accelerometer wear time), 3.2 h/day, and 17.2 min/day, respectively. Table 1 shows participant characteristics according to tertiles of sedentary time and MVPA. After adjusting for age, individuals with diabetes mellitus who engaged in greater sedentary time, and those engaging in less MVPA, were more likely to be older, female, not currently employed, have a higher body mass index, and poorer AHEI-2010 and self-reported physical health score (all P<0.05). In addition, higher levels of sedentary time were associated with being of Dominican, Cuban, or Puerto Rican background, having health insurance coverage, and annual household incomes ≤$20 000, compared to individuals with less sedentary time (all P<0.05).
Sedentary Time, MVPA, and Reaching CVD Risk Factor Control Goals
Among individuals with diagnosed diabetes mellitus, the proportions reaching control goals were 44.2% for HbA 1c , 62.4% for blood pressure, 35.1% for LDL-c, 48.8% for HDL-c, and 57.2% for triglycerides.
Hispanic/Latino adults with diabetes mellitus who spend less time in sedentary behaviors were more likely to reach glycemic (P for trend=0.010) and triglyceride (P for trend=0.003) control goals, after adjustment for potential confounders (Table 2) . Associations remained statistically significant after further adjustment for MVPA. In contrast, MVPA was not associated with reaching any of the CVD risk factor control goals (Table 2) . Sensitivity analyses were restricted to participants with diagnosed diabetes mellitus and hypertension (Table S1 ), or those with diagnosed diabetes mellitus and dyslipidemia (Table S2) . Results were generally consistent with those observed in the overall sample of participants with diagnosed diabetes mellitus. In addition, we did sensitivity analysis to compare associations of sedentary time or MVPA with reaching control goals without using the inverse probability weighting (Table S3 ). Although the results were similar, inverse probability weighting allows correcting for the bias of the estimates obtained by complete-case analyses and can be implemented for complex survey designs, which could make the results more accurate and more reliable.
Associations of sedentary time and reaching glycemic and triglyceride goals were generally consistent between patients reaching and not reaching MVPA recommendations (Table S4) . Compared with those who were both in the highest tertile for sedentary time and did not meet recommended levels of MVPA, individuals in the lowest tertile of sedentary time who also met MVPA recommendations had a 2.1-fold increase in odds of reaching glycemic control goal (OR, 2.10; 95% CI: 1.20, 3.68), and a 1.86-fold increase in odds of reaching triglyceride control goal (OR, 1.86; 95% CI: 1.07, 3.23). 26 (20, 31) 0.007 31 (25, 37) 32 (27, 38) 32 (26, 38) 0.534
More than $50 000 11 (7, 17) 8 (5, 12) 7 (4, 11) . . .
(4, 11)
7 (5, 11)
11 (8, 16) . . .
Not reported 7 (5, 11)
9 (6, 13)
(8, 14)
. . .
(7, 13)
9 (6, 13) 7 (5, 11)
Education level, % (95% CI)
Less than high school 46 (40, 53) 47 (41, 53) 46 (40, 52) . . .
(39, 53)
44 (38, 50) 48 (42, 55) . . .
High school graduate/equivalent
18 (15, 23) 22 (16, 28) 18 (14, 23) 0.694 14 (11, 19) 23 (18, 29) 19 (15, 24) 0.147
More than high school 36 (29, 42) 31 (26, 37) 36 (31, 42) . . .
(33, 47)
33 (27, 39) 32 (26, 39) . . .
Hispanic/Latino background, % (95% CI) Dominican 6 (4, 10)
8 (5, 12) 20 (15, 26) . . .
(4, 12)
13 (9, 18) 17 (13, 23) . . .
Central American 6 (4, 8)
8 (5, 11) 6 (4, 9)
(4, 11)
6 (4, 9)
8 (6, 11) . . . Cuban 15 (10, 22) 22 (16, 29) 22 (17, 28) . . .
(14, 28)
13 (9, 18) 5 (3, 7)
. . . 
<0.001
Puerto Rican 18 (14, 22) 20 (16, 25) 27 (22, 32) . . .
(19, 29)
25 (21, 31) 25 (20, 30) . . .
Other/more than one 5 (2, 10)
Employment status, % (95% CI)
Retired and not currently employed 18 (14, 24) 26 (21, 31) 30 (25, 35) . . .
(7, 14)
8 (6, 12) 7 (5, 10)
. . . 17 (12, 23) 16 (12, 21) . . .
(11, 19)
18 (13, 25) 17 (16, 22) . . . . . .
Sedentary Time, MVPA, and Cardiometabolic Biomarkers
Among individuals with diagnosed diabetes mellitus, levels of HbA 1c (P for trend=0.002), and triglycerides (P for trend=0.005) increased, while HDL-c levels decreased (P for trend=0.013) across tertiles of sedentary time, after multivariable adjustment (Table 3) . These results remained significant after further adjustment for MVPA. Associations of MVPA with decreased HbA 1c , systolic blood pressure, triglycerides, and increased HDL-c were not robust after further adjustment for sedentary time (all P for trend >0.05).
Substitution of Sedentary Time With Physical Activity
Reallocating 60 min/day of sedentary time to 60 min/day of LPA was associated with increased odds of reaching goals for Table 4 ). In addition, substituting a 30 min/day increase in MVPA for a 30 min/day decrease in sedentary behaviors was associated with increased odds of reaching blood pressure control goals (OR, 1.27; 95% CI: 1.04, 1.55) ( Table 4 ).
Discussion
In this study, we found that US Hispanic/Latino adults with diabetes mellitus who spend less time in sedentary behaviors were more likely to reach CVD risk factor control goals, specifically glycemic and triglyceride control goals, regardless of MVPA levels. However, we found little evidence for associations between MVPA and reaching CVD risk factor control goals among individuals with diabetes mellitus. One of our principal findings is that less sedentary time was associated with better glycemic control in Hispanic/ Latino adults with diabetes mellitus, independent of MVPA. This is consistent with previous observations that sedentary behavior was strongly associated with several glycemic traits, [30] [31] [32] though its association with HbA 1c levels has not been well studied. A previous cross-sectional study reported that objectively measured sedentary behavior showed a trend for association with elevated HbA 1c in 394 newly diagnosed adults with diabetes mellitus, 10 whereas a recent study found that there were no cross-sectional or 5-year longitudinal associations between objectively measured sedentary time and HbA 1c in young adults. 33 This discrepancy in findings may be due to differences in study populations, and our participants had diagnosed diabetes mellitus and were of Hispanic/ Latino heritage. Our findings also exhibited an inverse association between sedentary behavior and reaching triglyceride control goal in individuals with diabetes mellitus. Further analysis confirmed the strong association between objectively measured sedentary behavior and triglyceride levels, which was previously observed in individuals both with and without diabetes mellitus. 10, 22, 30, 32, 34, 35 This is consistent with the potential mechanism that reduced skeletal muscle contractions from prolonged sedentary behavior may depress uptake of plasma triglycerides and triglycerides-derived fatty acid into skeletal muscle through suppression of lipoprotein lipase activity. 36, 37 In addition, our findings have some coherence with previous research reporting deleterious associations between sedentary behavior and HDL-c, 10 ,22,32 though we did not observe a significant association between sedentary behavior and reaching HDL-c control goal in people with diabetes mellitus. Our data also indicate that individuals with diabetes mellitus who spend less time in sedentary behaviors were more likely to reach a greater number of CVD risk factor control goals. This finding may be of particular interest as simultaneous control of multiple risk factors has been strongly related to decreased risk of CVD morbidity and total mortality in people with diabetes mellitus and coronary artery disease. 38 It is possible that the effects of sedentary behaviors on CVD and mortality might be through affecting control of multiple CVD risk factors, 8 though longitudinal studies and randomized controlled trials are required to clarify relationships between sedentary behaviors, CVD risk factor control, and health outcomes in individuals with diabetes mellitus. Consistent with previous results that MVPA showed no or weak independent associations with cardiometabolic biomarkers in individuals with diabetes mellitus, 10,11,39 our study also did not find significant associations between MVPA and reaching CVD risk factor control goals in US Hispanics/ Latinos with diabetes mellitus. This might be due to low levels of MVPA in people with diabetes mellitus. 40 Indeed, it has been noted that individuals with diabetes mellitus are less likely to regularly engage in MVPA than individuals without diabetes mellitus and have difficulty in maintaining the recommended MVPA level for improving cardiometabolic health. 41 Consistently, our study participants had a low level of MVPA (on average 17.2 min/day) and only 26.3% of participants met national MVPA recommendations. Our findings might have important public health implications, as these results suggest that reducing sedentary time might be beneficial for major CVD risk factor control in people with diabetes mellitus, regardless of the participant's amount of engagement in MVPA. Our finding supports American Diabetes Association recommendations to increase overall physical activity, including LPA, and reduce sedentary time. 5 Previous evidence from the National Health Interview Survey indicated that walking 3 to 4 h/week was associated with up to a 54% reduction in total and CVD mortality in people with diagnosed diabetes mellitus. 42 Because sedentary time was highly inversely correlated with LPA (correlation coefficient=À0.91), our results regarding sedentary time may reflect favorable associations between LPA and CVD risk factor control. Thus, given the fact that individuals with diabetes mellitus have difficulty in completing vigorous-intensity physical activity, 40, 41 replacing sedentary time with light-to-moderate physical activity, such as walking, may be an effective strategy to target in the prevention of CVD among people with diabetes mellitus. Indeed, our substitution analyses indicate that reallocation of sedentary time with LPA could have a favorable effect on reaching glycemic, HDL-c, and triglyceride control goals. Consistently, the beneficial effects of substituting sedentary time with LPA on cardiometabolic biomarkers were also reported in 2 recent studies. 43, 44 In addition, our data also suggest that reallocation of sedentary time with MVPA may help in reaching blood pressure control goals. This is in line with the observed favorable association between MVPA and systolic blood pressure indicated by our study (before adjusting for sedentary time) and other studies. 10, 39 Nevertheless, findings of our study support the need for intervention to include a component focused on replacing sedentary time with physical activity of varying intensity in order to generate clinically meaningful improvements on CVD and risk factor control among individuals with diabetes mellitus. There are several limitations that needed to be considered when interpreting the results of this study. First, due to the cross-sectional nature of this study, we were unable to test causality of the associations of sedentary time and MVPA with CVD risk factor control and biomarkers. Second, although objective measurement is more precise and may reduce biases of self-report, some limitations of accelerometerderived measures need to be noted. In some cases, standing time and time spent in upper body movements maybe measured as sitting time, and accelerometers are not able to quantify movement in swimming and cycling. Third, this study only focused on Hispanic/Latino adults with diabetes mellitus living in 4 urban communities, and caution is warranted when generalizing our findings to other groups. Further research is required to expand and confirm our results in people with diabetes mellitus of diverse ethnicities. In addition, participants with diabetes mellitus excluded in the analysis were older, and had lower income and lower AHEI compared to those included. This might be due to nonadherence to accelerometer protocols of those excluded participants (82.0% were excluded by this criterion) who were old and had low socioeconomic status. However, these factors were less likely to influence our results. We adjusted for age, annual household income, and AHEI in all presented models, and also fitted the models by excluding age, annual household income, and AHEI. The results were similar in these models.
In summary, our study indicates prolonged sedentary time and low MVPA levels in US Hispanic/Latino adults with diagnosed diabetes mellitus. We found that less sedentary time, but not MVPA, was associated with a greater number of reaching major CVD risk factor control goals, specifically glycemic and triglyceride control goals, among individuals with diabetes mellitus. Our findings emphasize the importance of reducing sedentary behavior, probably by increasing LPA in diabetes mellitus management and major CVD risk factor control.
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